In a note published a year ago 1 it was shown that the position and the reversal phenomena of the lines in the spectrum of a spark between iro.n poles in liquids depend upon a. variety of circumstances, chief among which are the electrical constants of the circuit and the nature of the liquid. It was also stated that certain lines in the blue part of the spectrum of iron had been photographed in air at pressures ranging from I to 20 atmospheres, and that the shifts of the lines were (approximately) directly proportional to the pressure, thus confirming and extending the results previously found by Humphreys and
changes of self-induction in the discharge circuit have been employed to produce a series of spectra, which pass by gradual degrees from a spectrum consisting almost wholly of bright lines (highest self-induction), resembling that of the iron spark in air at atmospheric pressure, to a spectrum consisting for the most part of dark lines (no self-induction) in the region A-3550-À4500. Such a series of spectra, if photographed with low dispersion, would closely resemble the spectra reproduced in Plate XI of the note referred to above. A careful series of measures of the lines has shown that as the self-induction is decreased the bright lines move gradually toward the red, while the absorption lines, which begin to appear in the earliest stages, may at first have some apparent shift 1 toward the violet, though later they may be displaced one or two hundredths of a tenthmeter toward the red, rarely more. Full details of the measurements will be given in a paper which will appear soon in the Publications of the Yerkes Observatory. In his paper "On the Interpretation of the Typical Spectrum of the New Stars," 2 Professor Wilsing describes his experiments on the spectrum of high potential discharges between metallic poles in water, and bases an explanation of the characteristic pairs of bright and dark lines in the spectra of temporary stars upon the phenomena he observed. Wilsing concludes that the pressure resulting from the spark discharge in liquids amounts to several hundred atmospheres. As our own investigations led us to the belief that the pressure, at least in the case of our iron spark, was in reality much lower, we thought it desirable to extend our earlier work on spark spectra in air at high pressures to the more refrangible region studied in the case of liquids. As the apparatus used for such work a year ago proved inadequate, new apparatus has been constructed in the Observatory instrument shop, and with this we have had no difficulty in photographing the spectrum of the iron spark in gases at pressures ranging from 1 to 53 atmospheres. The present note contains a preliminary account of the results hitherto obtained, but many 1 Doubtless due in part to the displacement of the lines of the comparison spectrum, caused by pressure in the condensed spark.
2 Astrophysical Journal, 10, 113, 1899. In the recent experiments the spark between iron terminals has been observed through a glass window, in the side of a steel chamber provided with a pressure gauge, and connected by means of a heavy copper tube with a steel reservoir containing compressed air or liquid carbon dioxide. The terminals enter the steel pressure chamber through long cylinders of ebonite, and special precautions have been taken to insure the most perfect insulation. The spark is produced by means of a transformer giving about 15,000 volts on open circuit, ordinarily used with a condenser of 0.0066 microfarad capacity, connected with the secondary terminals. In order to insure successful operation of the spark at high pressures, an air break is essential in the discharge circuit. The photographs of spectra reproduced in Plate XV were made in the first order of a concave grating of ten feet radius, ruled with 14,438 lines to the inch (5684 to the cm).
As stated above, the spectra photographed a year ago at high pressures did not extend into the ultra-violet. In a previous note 4 it has been shown that the reversals of the lines in the case of spark spectra in liquids first appear in the ultra-violet, and advance gradually toward the less refrangible region as the conditions for reversal become more favorable. A similar result was shown many years ago by Liveing and Dewar to obtain in the case of arc reversals. It is for this reason that the phenomena described in the present note were not encountered by us in our earlier work at lower pressures on the less refrangible region of the spectrum of the iron spark in air. Nevertheless, we were somewhat surprised to find, in our first test of the new apparatus, that at an air pressure of 14 atmospheres the reversal phenomena in the region \3550-X4500 closely resembled those we were accustomed to photograph in the case of the iron spark in water with but little self-induction in the discharge circuit. It was at once evident that a series of photographs made at different air 1903ApJ 17 . . 154H
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pressures would resemble the series previously obtained with the spark in water by varying the self-induction. Photographs have now been made at pressures ranging from i to 53 atmospheres, portions of which are reproduced in Plate XV. In the temporary absence of compressed air at pressures greater than 14 atmospheres, liquid carbon dioxide was used to give higher pressures.
It has since been found, however, that at a given pressure the reversal phenomena are more marked in an atmosphere of air than in one of carbon dioxide. This result will render necessary an investigation of the effect of other gases. It has also been found that changes of self-induction in the condenser circuit affect the reversal phenomena in the same sense as in the case of the spark in water, but over a much smaller range. An examination of Plate XV will show that the phenomena closely resemble those previously described in the case of liquids. At an air pressure of three atmospheres the lines are for the most part bright, though a few cases of reversal appear.
It will be noticed that a few of the lines have at this stage increased very markedly in relative intensity. Such lines, as the subsequent photographs show, pass through a maximum of intensity and afterwards reverse. At a pressure of 7 atmospheres the bright lines are broader and more diffuse, and the absorption lines are becoming prominent. It is evident from inspection that many of the reversals are not symmetrical, the bright line being relatively displaced toward the red. At a pressure of 14 atmospheres the dark lines have become very conspicuous, and many of the bright lines have almost disappeared. Some evidences of a continuous spectrum begin to appear at this pressure. At 27 atmospheres (in carbon dioxide) the continuous spectrum is quite conspicuous. In the region X 4800-X4900 there are several strong lines unsymmetrically broadened in carbon dioxide at 53 atmospheres, and similarly affected in water. It seems to be true that the order in which various lines reverse is not precisely the same in gases as in liquids.
A careful study of the shifts of the bright and dark lines at these various pressures has brought out certain facts, which are of interest in connection with the results obtained by Humphreys and Mohler on the low potential discharge in air at high pressures, and our own results on the spectra of high potential discharges in liquids. The following tables contain measures of a few lines which may be regarded as fairly typical. Table I gives the shifts of certain lines in the spectrum of a spark between iron poles in water, resulting from changes of selfinduction in the discharge circuit. In this series the length of the water spark was 0.3mm; air spark 10mm; diameter of terminals (flat ends) in water 2.3mm; diameter of terminals (rounded ends) in air 4 mm; metal in both cases Bessemer steel ; electric fan used to prevent arcing at air gap ; distance of terminals below surface of water 56mm; 15,000 volt transformer; capacity in discharge circuit 0.0066 microfarad. The shifts of the lines toward the red are expressed in tenth-meters, and are positive unless otherwise indicated. The types of the lines, as indicated below, are given in parentheses.
(1) = narrow emission line. (2) abroad symmetrical emission"line. (3) abroad emission line, diffuse towa (4) =: symmetrical absorption line. (5) = absorption line superposed symmetrically on broad emission line. (6) = absorption line superposed on broad emission line, which is strongest on red side.
(7) = similar to (6), but with violet component of bright line lacking.
E signifies that the measured shift refers to an emission line, A that it refers to an absorption line. In lines of types (6) and (7) atmospheres in carbon dioxide. The constants of the circuit were the same as in the case of water, except that the external air gap was 5 mm long. As Humphreys and Mohler have shown, the reversals in the case of the arc in air at high pressures are generally symmetrical, the absorption lines being displaced toward the red equally with the emission lines. In the case of the spark in water we have found, as the table shows, that the absorption lines are but little displaced toward the red, though they sometimes have a small apparent displacement toward the violet. The emission lines, however, are considerably displaced toward the red, and this displacement increases as the self-induction in the discharge circuit decreases. A knowledge of the true displacement of the bright lines is obtained from a study of those lines which do not reverse before the last stages of the process are reached. Thus the errors resulting from the presence of the absorption lines are avoided. At moderate pressures the absorption lines are displaced less than the bright lines, though their displacements are considerably greater than in the spectrum of the spark in liquids.
These are only a few of the lines which we have already measured, but much additional material will be required before the results can be discussed satisfactorily. It may be noted, however, that the relative shifts of several lines in air and water indicate that the pressure produced by our iron spark in water (no self-induction in the discharge circuit) is much less than Wilsing's value of several hundred atmospheres. An extension to high pressures of the law connecting pressure and displacement will be possible as soon as a complete series of spectra has been obtained in a single gas. But on account of the lack of agreement among the shifts obtained for different lines, and the possibility that in the high potential discharge the pressure of the gas is not the sole controlling factor, it is hoped that the present work may be supplemented by an investigation of the discharge at potentials ranging from no volts to 15,000 volts.
Yerkes Observatory, February 11, 1903. 
